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This r e p o r t  r e l a t e s  tlie r e s u l t s  ob ta ined  dur ing  Lhe two-month 

c o n t r a c t  N A S 1 2 - 5 9 0 ,  "An Ana ly t i ca l  and Experimental  I n v e s t i g a -  

t i o n  of  Limited Operat ional  L i f e  o f  CO Lasers  t o  Achieve a Non 

Flowing Sealed C 0 2  Gas Laser.  
2 

11 

The o b j e c t i v e  of this  c o n t r a c t  was t o  i n v e s t i g a t e  t h e  gaseous 

mechanisms which l i m i t  t h e  ope ra t ing  l i f e  of a s e a l e d  C 0 2  gas 

laser .  

The p a r t i c u l a r  areas i n v e s t i g a t e d  w e r e :  

1. 
2.  The e f f e c t s  of water  vapor and xenon upon d i s -  

3 .  Elec t rode  m a t e r i a l  i n  regard  t o  i t s  i n f l u e n c e  

The d i s s o c i a t i o n ,  of pure C 0 2  i-n a gas d ischarge .  

s o c i a t i o n .  

upon clean-up ra te .  

R e s u l t s  t o  d a t e  i n d i c a t e  t h a t  the dominant C02 d e p l e t i o n  inc?ch- 

anisms a r e  due i n i t i a l l y  t o  dissociation fol lowed by a s t eady  

clean.-up of the d i s s o c i a t i o n  products  and t h e  CO 2 by t h e  e l e c t r o d e s .  

The d i s s o c i a t i o n  ra te  o f  C 0 2  i s  s t r o n g l y  dependent upon a d d i t i v e  

gases  and i n d i r e c t l y  by a c lean-up r a t e  of a given e l e c t r o d e  mat-  

e r ia l .  A combination of n i c k e l  e l e c t r o d e s  and carbon d iox ide  w i t h  

w a t e r  vapor added has produced a very  s t a b l e  C 0 2 : C O : 0  2 concent ra -  

t i o n .  A system ernploying t h i s  combination could be expected t o  

run f o r  several hundreds oil hours before t o t a l  d e p l e t i o n  of  t h e  

CO component occurs  2 

1-1 
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P U N  OF INVESTIGATION 

I n  o r d e r  t o  determine t h e  causes of l i i n i t ed  o p e r a t i o n a l  l i f e  of  

a s e a l e d  C 0 2  laser  t h e  fol lowing p lan  of  i n v e s t i g a t i o n  w a s  under-  

t aken .  

The pyrex d i scha rge  tube (un-cooled) shown i n  Figure 1 was con- 

s t r u c t e d  and two e l e c t r o d e s  were s e a l e d  i n .  

w i t h  a known q u a n t i t y  of g a s ,  and e x c i t e d  wi th  a d-c power supply.  

The tube  w a s  f i l l e d  

Mass scan recordj-ngs w e r e  made of t h e  tube  be fo re  f i l l i n g ,  t o  

o b t a i n  d a t a  on the background; of t h e  tube  when i t  was f i l l e d  

and b e f o r e  e x c i t a t i o n ;  and then every h a l f  hour (during normal 

working day) a f t e r  t h e  d i scharge  has begun. 

The mass scan record ings  a r e  then measured, and t h e  m a s s  peaks 

are recorded  f o r  each mass number and put  i n t o  t a b u l a r  form. 

The da ta  a t  t h i s  p o i n t  i s  raw experimental  data. and milst be 

modif ied.  The raw d a t a  i s  presented  as peak h e i g h t s  versus  

e l apsed  t i m e  (running t i m e ) .  

t o  p a r t i a l  p r e s s u r e  by t h e  p a r t i a l  p r e s s u r e  c a l i b r a t i o n  curves .  

The peak h e i g h t s  arc converted 

A t  t h i s  p o i n t ,  t h e  d a t a  r ep resen t s  a t i m e  h i s t o r y  of a given 

q u a n t i t y  o f  f i l l  gas and how it i s  a f f e c t e d  by an e l e c t r i c a l  

d i scha rge  

The fo l lowing  ques t ions  may now be i n v c s t i g a t e d :  

2 - 1  
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If new conipounds a r e  formed: 

a .  \+hat a re  they?  

b. In  what q u a n t i t y ?  

Have contaminants evolved from t h e  d i scha rge  
tube and e l e c t r o d e s  ? 

Is there a d e p l e t i o n  of t h e  f i l l  g a s ?  

To i n v e s t i g a t e  t h e s e  q u e s t i o n s ,  c o n s i d e r  the fo l lowing  sample 

d a t a .  

charge t u b e  a t  a p r e s s u r e  o f  5 x 10 

are i d e n t i f i e d  accord ing  t o  t h e i r  s p e c i f i c  mass s p e c i e s  Kext? 

the d i s c h a r g e  t u b e  i s  f i l l e d  with 3 Torr  of C O  2 (see Figure  3 ) .  

A t  masses 4 4 ,  2 8 ,  2 2 ,  1 6 ,  and  1 2  t h e r e  i s  a s i g n i f i c a n t  i n c r e a s e  

F igure  2 r e p r e s e n t s  a mass scan  r eco rd ing  of the d i s -  
-7  Torr.. The mass peaks 

i n  peak height ,  

p a t t e r n  f o r  C 0 2  e 

h a s  happened t o  

ta . t ion  F igu re  

Tnis se t  o f  peaks r e p r e s e n t s  a p a r t i a l  c r ack ing  

Figure 4 i s  a mass scan r eco rd ing  showing what 

the gas composition a f t e r  one-half  hour of exci-  

5 shows a p l o t  c;f- pressure vs e lapsed  time f o r  

Inass peaks 2 8 ,  32,  and 44 (COl ,  0 2 ,  and C G 2 ) .  

Figures  2 ,  3 ,  and 4 show t h a t  no new mass s p e c i e s  are formed 

greater than  0.003 Torr  of C 0 2  p r e s s u r e ,  and no contaminants  

(i.e., d i f f e r e n t  from the e x i s t i n g  s p e c i e s )  have changed, and 

i'rom Figure  5 there i s  a t  f i r s t  a r a p i d  d e p l e t i o n  o f  mass 44 
and then a s lower ,  s teady  d e p l e t i o n  o f  mass 44.  
and 32 the behavior  i s  di-ffel-cnt ,  i n  t ha t  i n i t i a l l y  there i s  

a r a p i d  i n c r e a s e  i n  p a r t i a l  p re s su re  up t o  a peak va lue ,  and 

then  a s t e a d y  dec rease  i n  both 2 8  and 32. 

crease i n  32 j.s g r e a t e r  tha:i 28. 

A t  mass 28  

However, t h e  de- 

2-3 
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From Figure 5 ,  i t  appears  that fwo d i s t i n c t  p rocesses  a r e  occur-  

r i n g .  The f i r s t  one i s  very  r a p i d  and i s  completed i n  t h e  lirst 
h a l f  hour.  The second process  i s  much sl.ower and cont inues  f o r  

a much longer  t i m e  (24 hours ) .  

Process  one appea r s  t o  be d i s s o c i a t i o n  of t h e  C02 molecule gov- 

erned by t h e  fol lowing chemical r e a c t i o n  

2C02 + AE 2 C O  + O2 

Process  two i s  a combination of d i s s o c i a t i o n  and clean-up e f f e c t s .  

Clean-up is a t e r m  used t o  desc r lbe  any process  which tends  t o  

reduce  t h e  gas s p e c i e s ,  e . g . ,  a b s o r p t i o n ,  a d s o r p t i o n ,  chemisorp- 

t i o n ,  ion b u r i a l ,  e t c .  

The shapes of these curves a r e  in f luenced  by  t h e  non- ins tan tane-  

ous response of t h e  m a s s  ana lyzer  due t o  d i f f u s i o n  t i m e  from t h e  

sample  t o  t h e  m a s s  ana lyzer  tube .  

Iiowever, i t  w a s  determined tha t  a t i m e  s i g n i f i c a n t l y  less  than 

f i v e  m i n u t e s  was r e q u i r e d  f o r  d i s s o c i a t e d  species t o  appear  a t  

t h e  ana lyze r  tube.  

2-8 
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EXPERTIVESTAL SETUP 
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The main vacuum system shown i n  Figure 6 c o n s i s t s  of  a high-speed 

mechanical  vacuum pump, a 140 l i t e r  p e r  second Vac Ion pump, a n d  

a Vac Sorb pump. A l l  pumps a r e  used t o  o b t a i n  a system p res su re  

o f  from 5 x 

up t o  s i x  gases  t o  be mixed t o g e t h e r ,  i s  used f o r  gas handl ing ,  

A l l  gases  used a r e  J, T. Baker Research Grade gases w i t h  thc  ex- 

c e p t i o n  of H20 vapor which i s  provided from a v e s s e l  con ta in ing  

l i q u j d  H20 a t  low p res su re .  

IJaIlacci- Tierrran 0-20 T o r r  a b s o l u t e  p r e s s u r e  gauge. 

r e l a t i v e  p r e s s u r e ,  s e v e r a l  therrmcouple gauges are used ,  To 

monitor  t h e  u l t i m a t e  vacuum p r e s s u r e ,  two Vac Ion  gauges a rc  

used.  

Torr  t o  5 x LOo7 Torr .  A mani€old,  which allows 

Tota l  p r e s s u r e  i s  measured w i t h  a 

To noni  t o r  

Discharge tubes  (A and B) are made of pyrex g l a s s  and e l e c t r o d c s  

of vnr ious  m a t e r i a l s  are sea led  i n t o  the g l a s s  t ubes .  

P h i l l i - p s  v a r i a b l e  leak valve  mcasures t h e  gas  f l o w  i n t o  the mass 

ana lyze r  t ube  (GE Par t ia l .  Pressure Analyzer)  The mass ana1yze.c 

t ube  c o n s i s t s  of  a Nier-type electron-bombardment i o n  sou rce ,  a 

90-degree s e c t o r  magnetic ana lyzer  w i t h  a 5-cm r a d i u s  of curva- 

t u r e ,  and a 10- s t age  e l e c t r o n  m u l t i p l i e r  ion  d e t e c t o r  e n t i r e l y  

enc losed  i n  a glass -meta l  e n v e l o p e ,  A 6 , 5  k i logauss  e lectromag- 

n e t  provides  a uniform magnetic f i e l d  a c r o s s  the mass ana lyzer  

tube .  A B e l l  (Model 1 1 0 - A )  Gaussmeter monitors  the maguc-tic 

f i e l d  s t r e n g t h .  A vo l t age  i s  generated i n  t h e  gaussmcter pro-  

p o r t i o n a l  t o  t h e  magnetic field s r r e n g t h  of t h e  electromagnct ,  

This v o l t a g e  i s  app l i ed  t o  the X d r i v e  of  E l e c t r o  Instrumknts  

A C r a n v i l l - e  

3-1 
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X-Y recorder .  

e lec t ron  m i l t i p l i c r  or i tput  e 

i s  obtained f rom a N J E ,  0-25 lcv, 0-.250 ma d-c p o w e i  s t i p p l y o  

The  Y dr ive  obtains  i t s  s i g n a l  v o l t a p e  €roiii tile 

Excitation of t h e  d i scha rge  tubes 



SECTPOT4 4 
SYS TEN CALI URATI ON 

Mass Peak - C a l i b r a t i o n  

The magnetic f i e l d  s t r e n g t h  i s  monitored with a gaussmeter ,  and 

the ou tpu t  of t h i s  m e t e r  i s  a v o l t a g e  p r o p o r t i o n a l  t o  t h e  rnagne- 

t i c  f i e l d  s t r e n g t h .  

the X-Y r e c o r d e r ,  This resul ts  i n  motion a long  the c h a r t  paper 

which i s  dependent on t h e  magnetic f i e l d  s t r e n g t h .  A cal ibra-  

t i o n  curve o f  mass nunber ve r sus  d i s t a n c e  a long  t h e  X a x i s  can 

be p l o t t e d  as shown i n  F igure  7 .  

This  v o l t a g e  i s  a p p l i e d  t o  the X d r i v e  of 

P a r t i a l  P r e s s u r e  C a l i b r a t i o n  

P a r t i a l  p r e s s u r e  i s  c a l i b r a t e d  by t h e  fo l lowing  procedure.  

t r o s c o p i c a l l y  pu re  gases  (C02, N2, 02 ,  He 9 

the discharge tubes  a t  a measured absolu te  p r e s s u r e  (Wallace and 

Tiernan Gauge). The scan  i s  made with t h e  Inass spec t rometer .  

The h e i g h t s  of each peak a r e  measured and the d a t a  i s  plotted 

(F igure  8 )  as a ser ies  o€ curves o f  p a r t i a l  p r e s s u r e  ve r sus  peak 

h e i g h t  f o r  each mass peak. 

Spec- 

CO) are  emi t t ed  i n t o  

4-1 
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SECTION 5 

RESULTS 

D e t a i l e d  r e s u l t s  a r e  presented  f o r  n i n e  combinations of gas  

mixture  and e l e c t r o d e  m a t e r i a l .  The gases are pure CO 2' c02 

w i t h  H 0, and C02 wi th  Xe .  

num, n i c k e l ,  and n i cke l - coa ted  i ron .  The Fe-Ni e l e c t r o d e s  w e r e  

neon s i g n  e l e c t r o d e s  wi thout  t h e  ceramic s p u t t e r i n g - c o l l a r  o r  

t h e  u s u a l  emissive c o a t i n g .  

The e l e c t r o d e  m a t e r i a l s  are alumi- 2 

Yurc C 0 2 ,  A l .  (Figure 9 )  

During t h e  first 3 - 1 / 2  hours  of  t h i s  run ,  CO p r e s s u r e  inc reased  

and C02 decreased r a p i d l y .  

peared ,  5 .3  Torr  of CO appeared; a n  excess  of  3.8 Torr  which 

cannot  be accounted f o r  by t h e  d i s s o c i a t i o n  process .  

case, s i n c e  CO p r e s s u r e  i s  down t o  0 .2  Torr a t  3-1 /2  hours ,  

t h e  excess CO mist have evolved from t h e  e l e c t r o d e s .  During 

t h e  n e x t  20 h o u r s ,  the CO cleaned. up ac an average ra te  of 0 . 2 5  

T o r r / h r  and C02 c leaned  up a t  0 . 0 1  T o r r / h r .  

While on ly  1 . 5  T o r r  of C02 di-sap- 

In  t h i s  

2 

S i g n i f i c a n t l y ,  no oxygen was found dur ing  t h i s  run ,  even i n  t h e  

ear l ies t  p e r i o d  where d issoc ia t i .on  of C02 i n t o  CO and O2 would 

have been a s i g n i f i c a n t  f a c t o r .  

Pure C02,  FE-Ni (Figure 10) 

I n  t h i s  r u n ,  an i n i t i a l  r a p i d  change of  p a r t i a l  p r e s s u r e s  i.s 

observed dur ing  t h e  f i r s t  hour .  Although we cannot  a t  any time 

5-1 
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dur ing  t h i s  rzn see o n l y  the 2C0, L --+ 2CO f 0, - react iol) ,  t h e  c u ~ \ ~ ~ s  

imply  t h a t  i t  was the predominant pi-ocess d u r i n g  the first hour .  

The CO 
by 1 . 7 5  Torr and  0.75 T o r r ,  r e s p e c t i v e l y .  

produced an excess 0.70 Torr of CO and 0.23 Torr  o f  02' 

p r e s s u r e  decreased by 1.05 T o r r  wh i l e  CO and O2 i nc reased  2 
Thus, the d i scha rge  

Af t e r  t h e  f i r s t  hour ,  a l l  t h r e e  gases  c leaned  up a t  c o n s t a n t  r a t e s .  

0.055 Torr /hr  

co 0.010 Tor r /h r  

c02 

0.03.5 Tor r /h r  O2 

Pure CO,, N i  (Figure 11) 

There is a pronounced s c a t t e r  i n  d a t a  p o i n t s  on t h i s  r u n ,  the 

r e a s o n  f o r  which i s  n o t  c lear .  

I n i t i a l l y ,  excess CO and C02 appeared i n  t h i s  run ,  probably by 

e v o l u t i o n  from the cathode, The el  cc t rodes  were n o t  processed 

p r i o r  t o  t h i s  run ,  s o  the  i n i t i a l  p r e s s u r e  i n c r e a s e  i s  n o t  un- 

r easonab le .  

Torr  wh i l e  CO has inc reased  by 1 . 2  Torr  from the  p r e s s u r e s  at 

one-half hour .  

or at l ea s t  less than t h e  u n c e r t a i n t y  due t o  sca t te r  o f  the d a t a  

p o i n t s .  

o r d e r  of 0.04 Torr /hr  a n d  appears t o  be z e r o  a t  the ve ry  end of  

A t  1 7  hours ,  the C 0 2  p r e s s u r e  has decreased  by 1 . 3  

Beyond 18 hours ,  the CO clcan-up r a t e  i s  z e r o ,  

The clean-up r a t e  f o r  C O Z Y  a f t e r  18 hour s ,  i s  on the 

5-4 
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t he  run .  ThcA 0- p r e s s u r e  a l s o  appears  c o n s t a n t  at t h e  end of the 

r u n ,  b u t  i s  fa r  l e s s  than  that xhich woii1.d be produced by disso- 

c i a t i o n .  

Torr of CO and 0 .6  Tori: o f  02’ 

t i o n  w a s  the primary process  during t h e  f i r s t  18 hours  of t h i s  

run ,  w i t h  t h e  O2 being  c leaned  u p  a t  the cathode.  

z 

The  d i s soc i - a t lon  of 1 . 2  Torr a €  C02 wotllcl produce 1 . 2  

It i s  v e r y  l i k e l y  t h a t  d i s s o c i a -  

CO;, + H20, A 1  (F igure  1 2 )  

During t h e  f i r s t  n i n e  hours  of th i s  r u n ,  more CO appears  than 

can be accounted f o r  by the d isappearance  o f  CO 

s o c l a t i o n .  

d i scha rge .  There i s  no measurable 0 p r e s s u r c  a t  any t i m e .  The 

s l o p e s  of  the curves  dur ing  t h e  e a r l y  p a r t  of t h e  run i n d i c a t e  

t h a t  the  d i s s o c i a t i o n  ra te  i s  much less  than i t  was i n  a pu re  

C02 d i scha rge .  

and the  p r e s s u r e  of each gas  component i s  dec reas ing .  

assuming d i s -  2’ 
Thus, erither C O ,  C 0 2 ,  o r  both a r e  r e l e a s e d  by t h e  

2 

A f t e r  n i n e  o r  t e n  h o u r s ,  c lean-up i s  predominant 

C02 4- H2@, Fe-Ni (Figure 1 3 )  

During the f i r s t  one-half  hour o f  thLs run ,  both C02 and CO w e r e  

r e l e a s e d .  

i n c r e a s e d ,  a t  c o n s t a n t  ra tes .  ‘fliis s t r o n g l y  i m p l i e s  t h a t  c l ean -  

up and d i s s o c i a t i o n  are  t ak ing  p lace  a t  c o n s t a n t  ra tes .  The n e t  

ra tes  o f  change of p a r t i a l  p r e s s u r e  are:  

A f t e r  t h i s  the  C 0 2  p r e s s u r e  dec reased ,  and CO p r e s s u r e  

co2 

co 

- 0.1.0 f 0.03 T o r r / h r  

+ 0.08 -f 0.03 T o r r / h r  
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Any c o n s t a n t  d i s s o c i a t i o n  r a t e  0.08 rtnd 0.10 T o r r / h r  cou ld ,  w i th  

the c o r r e c t  c lean-up  ra tes ,  expl-ai.n t h i s  data. I f  a d i s s o c i a t i o n  

rate n o t  i n  t h e  range 0.08 - 0.10 Tor- r /hr  i s  assumed, the data 

can s t i l l  be  explained i f  e i t h e r  CO o r  CO i s  r e l e a s e d  a t  a con- 

s t a n t  r a t e  ( e . g , ,  evolved from a cathode o r  e t c ) .  Since no evi- 

dence f o r  long-term release of excess C02 o r  CO has been observed 

i n  any p a r t  of t h i s  program, i t  i s  reasonably  s a f e  t o  say t h e  d i s -  

s o c i a t i o n  ra te  was i n  the  range 0.05 < ra te  < 0.13 Torr /hr .  

2 

C02  + H 2 0 ,  N i  (F igure  1 4 )  

Although O2 pressure showed a s l i g h t  r i s e  dur ing  t h e  ear ly p a r t  

of t h i s  run, i t  never  exceeded 0 . 1  Tor r .  The p a r t i a l  pressures 

of  C02 and CO showed cons t an t  rates o f  change dur ing  t h e  e n t i r e  

run .  These rates were: 

c02 - 0.016 

co + 0.018 

I n  t h i s  c a s e ,  a cons t an t  balance i s  :)gain implied between d i s -  

s o c i a t i o n  and c l e a n  up. However, t h e  rates above a r e  s u b j e c t  

t o  u n c e r t a i n t i e s  of f 0.008 Torr /hr .  Thus, the d i s s o c i a t i o n  

ra te  on t h i s  run was probably 0.010 < rate < 0.024 Tor r /h r .  

CO, + X e ,  A1 (Figure 1 5 )  

The i n i t i a l  i n c r e a s e  i n  CO pres su re  and r a p i d  decrease  i n  C 0 2  

occurs  dur ing  t h e  f i r s t  f ive  hours  o f  t h i s  r u n .  A f t e r  t h i s ,  

bo th  C02 and CO are s l o w l y  cleaned up. 0 i s  n o t  observed. 2 
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The o n l y  e f f e c t  c l e a r l y  ev ident  i s  i;, rec't:ctior! clf the d i s soc ia -  

t i o n  ra te  from t h a t  o f  p u r e  CO It appears t h a t  a rather la rge  

amount UE CG ";is ~vc?1vccI fl-om the  e l e c t r o d e s  dur ing  the f i r s t  

hour  o r  one-ha l f  hour ,  and that d i s s o c i a t i o n  w a s  a prcdominant 

p rocess  du r ing  t h e  n e x t  f e w  h o u r s .  

2' 

No O2 w a s  found i n  t h i s  r u n .  

CO, 4- X e ,  Fe-Ni (F igure  16)  

Again, an excess ive  amount of CO appears  and t h e  d i s s o c i a t i o n  

rate i s  decreased .  The product ion of  O2 and CO and  r e d u c t i o n  

of CO p r e s s u r e  i n p l y  t h a t  d i ssoc ia . t ion  i s  a predominant fa.ctor 

from about t h e  t h i r d  t o  t h e  t e n t h  hour of t h e  discharge.  
2 

c 
CO -t- X e ,  N i  (F igure  1 7 )  2 

In  t h i s  r u n ,  i t  appears  t h a t  d i s s o c i a t i o n  and product ion  o f  CO 

are t a k i n g  p l a c e  dur ing  t h e  first t h r e e  hours .  

O2 t h e n  c l e a n  up a t  rates between 0.01. and 0.02 Tor r /h r .  

twenty hours , t he  curves behave ELS thouglt d i s s o c i a t i o n  aga in  be- 

came the predominant e f f ec t .  

The C O z >  CO a n d  

A f t e r  

. 
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SECTION 6 

QUALITAT1 VE EXP ER I FENTS 

During t h e  c o n t r a c t  p e r i o d  , s e v e r a l  a d d i t i o n a l  e l e c t r o d e  m a t -  

erials w e r e  used  a.nd q u a l i t a t i v e  obse rva t ions  w e r e  made. The 

e l e c t r o d e  materials a re  : Platinum, Niobium, and Molybdenum 

D i S i l i c i d e .  

P l a t  inuin 

P la t inum e l e c t r o d e  niaterial- 0.001- i n c h  t h i c k  vas formed i n t o  a 

hollow c y l i n d e r  c o n f i g u r a t i o n  3/4" 1 . D .  x 1" long.  

was i n s e r t e d  i n t o  t h e  t o p  h a l f  of the c y l i n d e r  t o  res t r f_ct  t h e  

d i s c h a r g e  t o  the i n s i d e  s u r f a c e  of t h e  e l e c t r o d e ,  Severe d e t e -  

rioration of  the e l e c t r o d e ,  i . e . ,  s p u t t e r i n g ,  w a s  observed dur- 

ing a four-hour  run .  

w a s  measured. 

A pyrex tube 

No s i g n i f i c a n t  r e d u c t i o n  of CO 2 d i s soc ia tLon  

Niobium -.-.- 

A niobium e l e c t r o d e  i n  t h e  form o f  a hol low c y l i n d e r ,  c l o s e d  on 

one end, w a s  used as i n  t h e  plat inum experiment ,  i . e . ,  a pyrex 

i n s e r t  a t  the t o p  end. 

fill gas f o r  t h e  d i scha rge  t u b e .  

t h a n  0 .01  Torr  i n  15  minutes o f  d i scha rge .  

this m a t e r i a l  would make an e x c e l l e n t  oxygen g e t t e r ,  o r  perhaps 

an oxygen pump. 

Ten T o r r  of pu re  oxygen w a s  used  as a 

The p r e s s u r e  dropped t o  less 

It i s  sugges ted  t h a t  

6-2 



Mo fybdenum D i  S iP ic i d e  (No S i2 ) 

Eecause of t h e  hardness  of  this m a t e r i a l ,  the. e l e c t r o d e  shape 

w a s  tha t  of a s o l i d  rod  w i t h  one end ground t o  a l a r g e  r a d i u s .  

In  o r d e r  t o  sea l  this rod  i n t o  a g l a s s  bulb,  i t  w a s  necessa ry  

t o  s i lver  s o l d e r  t h e  NoSi2 rod  onto a glass t o  metal s e a l .  
A f t e r  fj-ve hours  of d i scha rge  i n t o  pu re  C02,  t h e  r o d  broke 

away from the weld j o i n t  and the  experiment w a s  t e rmina ted .  

The d a t a  taken dur ing  t h i s  b r i e f  o p e r a t i o n  i n d i c a t e  that  MoSi2 

does n o t  reduce  d i s s o c i a t i o n  of CO 2 ’  

. 
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Dissoc ia t ion  according t o  2 C O  -+ 2CO + O2 seems t o  be  pre-  2 
dominant dur ing  t h e  e a r l y  hours  of d i scha rge ,  bu t  c l e a n  up becomes 

t h e  l i m i t i n g  p rocess .  For example, cons ider  t h e  da t a  o f  Sec t ions  

5.5 and 5 . 6 ,  where cons t an t  r a t e s  o f  change a r e  observed f o r  bo th  

C02 and CO p a r t i a l  p r e s s u r e s .  IJith Fe-Ni e l e c t r o d e s ,  t h e  d i s so -  

c i a t i o n  rate i s  0.05 < rate < 0.13 Torr /hr .  With Ni e l e c t r o d e s ,  

t h e  d a t a  sugges t s  0.010 < ra te  < 0.024 Tor r /h r .  This ra te ,  of 

cour se ,  i s  t h e  n e t  d i s s o c i a t i o n  rate f o r  t h e  system being s t u d i e d .  

Iil an ideal. s i t u a t i o n ,  t h e  r a t e  wovld  become ze ro  w i t h  sorne equi -  

l i b r i u m  concen t r a t ion  of CO CO and 02.  2 ’  

(2) 
t i o n  of  3 0  o r  X e .  

ea r l ies t  hours  of  t h e  runs ,  w h e n  d i s s o c i a t i o n  i s  s t i l l  a con- 

t r o l l i n g  f a c t o r .  

The d i s s o c i a t i o n  ra te  i s  s t r o n g l y  in f luenced  by the add i -  

This i s  ev ident  f rom a comparison of t h e  

( 3 )  The c lean-up  rare i s  d e t e r m i n e d  by el.ectrode nia’ierial. 

The Fe-Ni and N i  e l e c t r o d e s  showed d i s t i n c t l y  b e t t e r  perfcrm- 

ance than  t h e  o t h e r  e1ectrode.s t e s t e d .  Pure N i  seems t o  b e  

bes t .  

( 4 )  Tlie b e s t  system t e s t e d ,  i n  r ega rd  t o  t o t a l  performance, was 
CO w i t h  H 0 added, u s i n g  NL e l e c t r o d s s .  2 2 
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